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(57) A method tor producing a ferroelectric element 
having a lower electrode layer (4), a ferroelectric film (5) 
and an upper electrode layer (6) provided in sequence 
on the substrate (1) is disclosed. The method compris- 
ing the step of applying (S10) a metal-contained precur- 
sor solution to the surface of the lower electrode layer 
formed on the substrate, the step of drying (S11, S12) 
the applied precursor solution to remove the solution 
alone by heating it, a first heat treatment step (S1 3) for 
heating the dried precursor to form a ferroelectric film, 
and a second heat treatment step (S1 5) for heating the 
formed film element in a gas-pressurized atmosphere 
of lower than 1 atmosphere after forming (SI 4) an upper 
electrode layer on the ferroelectric film. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method lor pro- 
ducing a ferroelectric film element to be used for mem- 
ory elements, pyroelectric sensor elements, piezoelec- 
tric element and the like, and also relates to a ferroelec- 
tric film element and a ferroelectric memory element 
produced by the method. 

2. Description of the Related Art 

Ferroelectric films are applied to a wide variety of 
device developments, since they have many functions 
such as spontaneous polarization, high ferroelectricity, 
electro-optical effect, piezoelectric effect and pyroelec- 
tric effect. They are employed in various fields, for ex- 
ample, for IR linear array sensors by utilizing their pyro- 
electricity, for ultrasonic sensors by utilizing their piezo- 
electricity, for waveguide type optical modulator by uti- 
lizing their electro-optical effect and for DRAM or capac- 
itors for MMIC by utilizing their high ferroelectricity. 

With a recent progress of film formation technique, 
development of ferroelectric nonvolatile memories 
(FRAM having a high density and operating at high 
speed by combination with the semiconductor memory 
technique are successful among those wide develop- 
ments of applied devices. Owing to their characteristics 
such as high-speed read/write, low-voltage operation 
and high read/write resistivity, nonvolatile memories us- 
ing ferroelectric films are undergoing a vivid research 
and development for practical use as memories substi- 
tutable not only to conventional nonvolatile memories 
but also to SRAM or DRAM. 

For development of such devices, a material with a 
large remanent polarization (Pr), a small coercive field 
(Ec), a low leakage current and a high repetition resis- 
tivity of polarization reversals is necessary. Further- 
more, to adjust a reduction in operating voltage and fine 
machining process of a semiconductor, the above char- 
acteristics is desired to be implemented in a film, 200nm 
thick or less. 

As ferroelectric materials for these applications : ox- 
ide materials of perovskite structure represented by PZT 
(lead zirconium titanate, Pb (Ti, Zr) O a ) are mainly used. 
However, there is a problem with materials containing 
lead as their component element such as PZT, that the 
lead is evaporated when forming the film because of 
high evaporation pressure of lead or its oxide, so that 
defects take place in the film or in the worst case pin- 
holes are formed. Consequently, they had a fault that 
the leakage current increased and further repetition of 
polarization reversals led to fatigue phenomena such a 
decrease in the magnitude of spontaneous polarization. 
In particular, if a substitution of ferroelectric nonvolatile 
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memories for FRAM is considered, no change in char- 
acteristics even after 10 15 times of polarization revers- 
als must be ensured concerning fatigue phenomena 
and therefore development of ferroelectric films free 

5 from fatigue has been desired. 

In this conjunction, research and development of 
bismuth layer-structured composition materials has re- 
cently been carried out. Bismuth layer-structured com- 
position materials were discovered in 1 959 by Smolen- 

to skii and others (G.A. Smolenskii, V.A. Isupov and A.I. 
Agranovskaya, Soviet Phys. Solid State, 1, 149, (1959)) 
and thereafter were examined in detail by Subbarao (E. 
C. Subbarao, J. Phys,. Chem. Solids, 23, 665 (1962)). 
Lately, Carlos A. Paz de Araujo and others found out 

is that this bismuth layer-structured composition is suita- 
ble for the application to ferroelectric and high -dielectric 
integrated circuits and reported a superior fatigue prop- 
erty that no change in characteristics were observed in 
particular even after 10 12 times or more of polarization 

20 reversals (International Application No. PCT/ 
US92/10542). 

On the other hand : as methods for producing ferro- 
electric films, physical methods such as vacuum depo- 
sition method, sputtering method and laser ablation 

2B method and chemical methods such as sol-gel method 
or MOD (Metal Organic Decomposition) method for us- 
ing organometallic compositions as initial raw materials 
and obtaining an oxide ferroelectric by pyrolysis of them 
and MOCVD (Metal Organic Chemical vapor Deposi- 

30 tion) are employed. 

Among the above-mentioned film forming methods, 
the sol-gel method or MOD method is widely applied 
from the viewpoint of advantages that a homogenecus 
mixing at the atomic level is possible, the reproducibility 

35 is excellent with easy control of composition, forming of 
a large-area film is possible without need for a special 
vacuum device under normal pressures and cost is in- 
dustrially low. 

In particular as film forming method of the above 

40 bismuth layer-structured film, the MOD method is em- 
ployed. With a film forming process in accordance with 
the conventional MOD method, ferroelectric films or di- 
electric films are produced in the following steps (Inter- 
national Application No. PCT/US92/10542, PCT/ 

45 US93/10021). 

1 ) The step of applying a precursor solution com- 
prising composite alkysid or the like onto the sub- 
strate by the spin coat method for film forming. 
50 2) The process of heating and drying the obtained 
film for 30 sec. to several min. at 1 50° C to remove 
the solvent or the alcohols and distillate moisture 
reactively formed in the step 1) from the film. 

3) The process of heat treatment at 725°C for 30 
55 sec. by using the RTA (Rapid Thermal Annealing) 

method in the oxygen atmosphere to remove the 
organic components in the film by pyrolysis. 

4) The process of heat treatment at 800°C for an 
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hour in the oxygen atmosphere to crystallize the 

film. 

5) The process ot heat treatment at B00°C for 30 
sec in the oxygen atmosphere after the formation 

of the upper electrode. s 

6) Still further, to obtain a desired film thickness, the 
steps of 1) to 3) are repeated and finally the steps 
of 4) and 5a) are executed. 

In this manner, ferroelectric films or dielectric films 
can be produced. 

In the above-mentioned method for producing a fer- 
roelectric film by using a conventional MOD method, 
however, ferroelectric films obtained by the step of crys- 
tallization prior to the formation of the upper electrode 
(step 4) are hardly crystallized at annealing tempera- 
tures of 650° C or lower and had to be treated by heating 
at an extreme high temperature of 800°C for as long a 
time as an hour to obtain a high remanent polarized val- 
ue (International Application No. PCT/US93/10021). 
Accordingly, the obtained film became a coarse -struc- 
tured film with the grain size on the order of about 2000A 
and the insulating resistance decreased with increasing 
leakage current, thereby making the fine machining 
more difficult, and therefore the conventional MOD 
method was not fit for the highly integration. 

In addition, with a conventional MOD method, since 
there were problems such as occurrence of cracks when 
the film thickness obtained at one time of spin coat is 
set at about 1000A or thicker, the concentration of the 
precursor solution was so regulated that the film thick- 
ness obtained became 1000A or thinner. Accordingly, 
to obtain the film thickness of about 2000 A, several 
times of applying steps became necessary and a heat 
treatment with RTA was equired for each time of appli- 
cation using a spin coater, which facts were extremely 
nonproductive in the production process of elements. 

On the other hand, for highly integration of ferroe- 
lectric nonvolatile memories, it is required to adopt a 
stack type structure in which a selective transistor and 
a ferroelectric capacitor are connected by a contact plug 
and a ferroelectric capacitor is formed on the contact 
plug (S. Onishi et al., IEEE IEDM Technical Digest, p843 
(1994)). However, a high-temperature and long-time 
heat treatment in the oxygen atmosphere for forming a 
ferroelectric film has problems that mutual diffusion on 
the interface between a ferroelectric film and an elec- 
trode, oxidation of contact materials such as polysilicon, 
mutual diffusion between a contact plug material and a 
lower electrode material or a ferroelectric film and the 
like cause contact faults or property deterioration. Ac- 
cordingly, it is required to thickly form an electrode ma- 
terial or a barrier metal material resistant to high tem- 
peratures for a long time, but this leads to an increase 
in the step difference of the capacitor part, thereby form- 
ing a hindrance against a highly integration of elements. 
Thus, to achieve a highly integration by reducing the film 
thickness of the whole capacitor, the ferroelectric film is 
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desirous to a better characteristic by the heat treatment 
of even a little lower temperature than is conventional. 
As a measure of this achievement, it is necessary that 
the heat treatment temperature of a ferroelectric film is 
650°C or lower. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method for solve the above problems and thereby to 
produce a ferroelectric element with a lower film forming 
temperature and a simple production process than 
those in the conventional method for producing ferroe- 
lectric film elements. 

Another object of the present invention is to provide 
a ferroelectric film element of fine-structured films and 
reduced leakage current produced by said producing 
method. 

Still another object of the present invention is to pro- 
vide a ferroelectric memory element having the stack 
type structure. 

The object of the invention can be achieved by a 
method for producing a ferroelectric element compring 
the steps of: forming a lower electrode layer on a sub- 
strate; applying a metal-contained precursor solution to 
the surface of said lower electrode; drying said precur- 
sor solution applied to the surface so as to remove only 
said solution by heating; a first heat treatment for heat- 
ing the dried precursor to form a ferroelectric film; form- 
ing an upper electrode layer on said ferroelectric film; 
and a second heat treatment for heating the formed film 
element in a gas-pressurized atmosphere of lower than 
1 atmosphere. 

Preferably, the gas pressure in the atmosphere of 
the second heat treatment step is equal to or lower than 
20. 

More preferably, the gas pressure in the atmos- 
phere of the second heat treatment step is within a range 
from 2 Torr to 20 Torr. 

Preferably, the heating temperature of the second 
heat treatment is within a range from 500° C to 650° C. 

Preferably, the precursor solution comprises a met- 
al carboxyl and an alkoxid. 

The another object of the invention can be achieved 
by a ferroelectric film elements having a lower electrode 
layer, a ferroelectric film and an upper electrode layer 
provided in sequence on a substrate, wherein the ferro- 
electric film is composed of a bismuth layer-structured 
composition with the maximum crystal grain size of not 
greater than 700A. 

The still another object of the present invention can 
be achieved by a ferroelectric memory element includ- 
ing one switching transistor and one ferroelectric capac- 
itor, having a stack structure, comprising: a semiconduc- 
tor substrate; a first insulator film covering said semi- 
conductor substrate on which said switching transistor 
is formed; a contact plug piercing said first insulator film 
and internally filled with conductive substance; a tower 
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electrode formed on said contact plug; a ferroelectric 
film formed on said lower electrode being composed of 
a bismuth layer-structured composition; and an upper 
electrode formed on said ferroelectric film. 

Preferably, the bismuth layer-structured compound s 
forming a ferroelectric film is a compound containing Sr 
and Bi, and at least one of Ta and Ti. 

As mentioned above, in the method for producing a 
ferroelectric film element employing the sol-gel method 
and the MOD method according to the present inven- io 
tion, after applying a precursor solution comprising com- 
ponent elements of a ferroelectric film material to the 
substrate and drying, the conventional RTA heat treat- 
ment step for removing the organic component in the 
film is omitted and the application drying step is repeat- is 
ed at several times to form a predetermined film thick- 
ness, then organic substances are removed by pyrolysis 
in a first heat treatment step and at the same time crys- 
tallization is carried out. And as a second heat treatment 
step after the formation of an upper electrode layer on 20 
this heat-treated film, the ferroelectric film is crystallized 
by drying for a sufficient time in the atmosphere of gas 
pressure at 1 atm or lower 

According to the present invention, the temperature 
for forming a film can be lowered as compared with a 25 
conventional producing method. 

Further, a film produced by the method becomes a 
fine-structured film of small grain size, so that a quite 
excellent ferroelectric film exhibiting a small leakage 
current a high insulation resistance and the like. 30 

Further objects and advantages of the present in- 
vention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in the accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a ferroelectric film ele- 
ment of a first embodiment according to the present 
invention; 40 
FIG. 2 is a process chart showing a part of the pro- 
ducing steps of the first embodoment; 
FIG. 3 is a graph showing a change in remanent 
polarization relative to a second annealing temper- 
ature of the first embodiment; 4S 
FIG. 4 is a graph showing a change in coercive field 
Ec relative to a second annealing temperature of 
the first embodiment; 

FIG. 5 is a graph showing a change in accumulated 
charge 5Q relative to a second annealing tempera- so 
ture of the first embodiment; 
FIG. 6 is a graph showing a change in remanent 
polarization Pr relative to an applied voltage ol the 
first embodiment; 

FIG. 7 is a graph showing a change in coercive field ss 
Ec relative to an applied voltage of the first embod- 
iment; 

FIG. 8 is a graph showing a change in accumulated 
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charge hO relative to an applied voltage of the first 
embodiment; 

FIG. 9 is a graph showing a fatigue property of the 
first embodiment; 

FIG. 10 is a graph showing a change in leakage cur- 
rent density under application of 3 V relative to a 
second annealing temperature of the first embodi- 
ment; 

FIG. 11 is a SEM photograph of the surf ace of a film 
produced with a first annealing temperature set at 
600°C and a second annealing temperature set at 
600°C in the producing method of FIG. 2; 
FIG. 12 is a process chart showing a part of the pro- 
ducing steps of a conventional ferroelectric ele- 
ment; 

FIG. 13 is a graph showing a change in remanent 
polarization Pr relative to a second annealing tem- 
perature of a conventional ferroelectric element; 
FIG. 14 is a graph showing a change in coercive 
field Ec relative to a second annealing temperature 
of a conventional ferroelectric element; 
FIG. 15 is a graph showing a change in accumulat- 
ed charge 6Q relative to a second annealing tem- 
perature of a conventional ferroelactric element; 
FIG. 16 is a graph showing a change in leakage cur- 
rent density under application of 3 V relative to a 
second annealing temperature of a conventional 
ferroelectric element; 

FIG. 17 is a SEM photograph of the surface of a film 
produced with a first annealing temperature set at 
600° C and a second annealing temperature set at 
700*0 in a conventional producing method; 
FIG. 1 8 is a sectional view of a lerroelectric memory 
element of a second embodiment according to the 
present invention; 

each of FIGs. 19a to 19d is a sectional view 
showing a part of the producing steps of the second 
embodiment; 

FIG. 20 is a graph showing a hysteresis loop under 
voltage application of 3 V to the second embodi- 
ment; 

FIG. 21 is a graph showing a fatigue property of the 
second embodiment; 

FIG. 22 is a graph showing a change in a value of 
standard variation (6) of the accumulated charge 6Q 
-divided by the average (5Q AVE ) of the accumulated 
charge 8Q relative to the maximum crystal grain 
size of the ferroelectric film in a third embodiment 
according to the present invention; 
FIG. 23 is a graph showing a change in the rema- 
nent polarization Pr of a film relative to the atmos- 
pheric gas pressure of a second annealing (a sec- 
ond annealing pressure) of a fourth embodiment of 
ferroelectric film element according to the present 
invention; 

FIG. 24 is a graph showing a change in accumulat- 
ed charge SQ relative to the atmospheric gas pres- 
sure of a second annealing (a second annealing 
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pressure) of the fourth embodiment; 
FIG. 25 is a graph showing a change in coercive 
field Ec relative to the atmospheric gas pressure of 
a second annealing (a second annealing pressure) 
of the fourth embodiment; $ 
FIG. 26 is a graph showing a change in leakage cur- 
rent density under voltage application of 3 V relative 
to the atmospheric gas pressure of a second an- 
nealing (a second annealing pressure) of the fourth 
embodiment; io 
FIG. 27 is an X-ray diffraction pattern of a film rela- 
tive to the atmospheric gas pressure of a second 
annealing (a second annealing pressure) of the 
SBT film in the fourth embodiment; and 
FIG. 28 is a graph showing a change in film com- is 
position ratio relative to the atmospheric gas pres- 
sure of a second annealing (a second annealing 
pressure) of the SBT film in the fourth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments according to the present 
invention will be described referring to the drawings. 

FIG. 1 is a sectional view of construction of ferroe- 
lectric film element of a first embodiment by producing 
method for ferroelectric film according to the present in- 
vention. With this ferroelectric film element, a 200 nm 
thick silicon thermo-oxide film 2 is formed on the surface 
of the n-type silicon substrate 1 , on which film 2 a 30 nm 
thick Ta film 3, a 200 nm thick Pt film 4, a 200 nm thick 
ferroelectric SrB^ Ta 2 O q film (hereinafter, referred to as 
SBT film) 5 and a 100 thick Pt upper electrode 6 are 
formed in sequence as shown in FIG. 1. Incidentally, 
here, the silicon the rmo-oxide film 2 is provided as inter- 
layer insulating film, but the film is not limited to this. In 
addition, the Pt film 4 is chosen as a hardly oxidizable 
electrode material because an oxide film is formed on it 
and a conductive oxide film such as Ru0 2 , but Ir0 2 may 
be employed instead. And, the Ta film 3 is employed un- 
der consideration of adherence between the silicon ther- 
mo-oxide film 2 and the Pt film 4, but a Ti film or a TiN 
film may be employed instead. 

Next, a producing method for ferroelectric film ele- 
ment shown in FIG. 1 will be described. 

First, on the surface of the n-type silicon substrate 
1 , a 200 nm thick silicon thermo-oxide film 2 is formed. 
Incidentally, according to the formation method for a sil- 
icon thermo-oxide film in this embodiment, formation is 
made by thermally oxidizing the surface of the n-type 
silicon substrate 1 at1000°C. And on this silicon thermo- 
oxide film 2, a 30 nm thick Ta film 3 is formed by the 
sputtering method and further on this a 200 nm FX film 
4 is formed and this will be employed as a ferroelectric- 
film formed substrate. 

Hereinafter, a synthesis method for a precursor so- 
lution employed to form an SBT film 5 on this substrate 
and the step of forming the SBT film as a ferroelectric 
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film on the substrate by using this precursor solution will 
be described referring to the process chart of FIG. 2. 

As initial raw materials for the synthesis of a precur- 
sor solution, tantalum ethoxide (Ta (OC 2 H 5 ) s ), bismuth- 
2-ethylhexanate (Bi (CyH-^COO^) and strontium- 
2-ethylhexanate (Sr (CyH^COO^) are employed. Tan- 
talum ethoxide is weighed (Step S1) and dissolved into 
2-ethylhexanate (Step S2). To stipulate the reaction, the 
solution is stirred while heating from 100°C to a maxi- 
mum temperature of 120°C and allowed to undergo a 
reaction for 30 min (Step S3). Then, the ethanol and wa- 
ter produced by the reaction are removed at 120°C. To 
this solution, strontium-2-ethylhexanate dissolved in 20 
ml - 30 ml of xylene is added to the solution in so ade- 
quate an amount that Sr/Ta = 1/2 (Step S4) and the re- 
sultant is stirred at 125°C to a maximum temperature of 
140°C for 30 min (Step S5). Then, bismuth-2-ethanol 
dissolved in 10 ml of xylene is added to this solution in 
so adequate an amount that Sr/Bi/Ta =1/2.4/2 (Step 
S6) and the resultant is stirred while heating at 130°C 
to a maximum temperature of 1 50°C for 1 0 hr. (Step S7). 

Next, to remove a low atomic weight of alcohol and 
water and the xylene used as the solvent from this so- 
lution, the solution is distilled at 130°C to 150°C for 5 
hours. To remove dust from this solution, the solution is 
filtrated on a 0.45 ujti diameter fitter (Step SB). Then, 
the concentration of SrBig^TagjcPg.e in the solution is 
regulated to 0. 1 mol/ 1 and this is made to be a precursor 
solution (Step S9). Incidentally, these raw materials are 
not limited to the above, but the solvent may be any pro- 
vided the above initial materials raw materials are suffi- 
ciently soluble in it. 

Next, using the above precursor solution, film for- 
mation will be carried out in the following process: The 
above precursor solution is dropped onto the substrate 
including the lower platinum electrode 4 mentioned 
above and spin-applied at 300 rpm for 20 sec (Step 
S10). Then, the substrate is laid on a hot plate heated 
at 120°C and baked and dried for 5 min in the atmos- 
phere (Step S11 ). At this time, in order that drying is al- 
lowed to proceed uniformly, the temperature range is set 
preferably at 100°C - 130°C and the most appropriate 
drying temperature is on the order of 120°C. This is be- 
cause occurrence of cracks generated on drying at high- 
er temperatures than this temperature range, e.g., 
150°C, is prevented. 

Then, to completely volatilize the solvent, the wafer 
is placed on a hot plate heated at 250° C and baked and 
fired (Step Si 2). This temperature is above the boiling 
point of the solvent and is preferably on the order of 
250°C - 300°C for a shorter process time. This film form- 
ing process is repeated at three times and a 200 nm 
thick ferroelectric film is formed. 

Then, using the RTA method as a first annealing, 
heat treatment is performed at 600 °C for 30 min in an 
atmosphere of oxygen under the atmospheric pressure 
(Step SI 3) and a 200 nm Pt upper electrode 6 is mask- 
deposited by the EB (Electron Beam) deposition method 
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(Step S14). At this first annealing, the pyrolysis removal 
of the organic substances contained in the applied and 
dried ferroelectric film is performed. And, simultaneous- 
ly with the pyrolysis removal of organic substances, the 
ferroelectric film is partly crystallized, which seems to 
act as a kind of nucleus forming process. Meanwhile, 
with this embodiment, heat treatment was performed in 
an atmosphere of oxygen under the atmospheric pres- 
sure by using the RTA method, but a normal heat treat- 
ment furnace may be employed in place of the RTA 
method and a mixed gas of oxygen and an inert gas 
such as nitrogen or argon may be employed as atmos- 
phere gas. In addition, with this embodiment, a 1 00 jam<|> 
Pt upper electrode was adopted as the electrode size 
for estimating the characteristics of ferroelectrics, but 
the present invention is not limited to this electrode size. 

Next, after the formation of an upper electrode, a 30 
min annealing is performed as a s econd annealing 
(principal annealing) in a 1 0 Torr atmosphere of oxygen 
at 400°C - 750°C for 30 min by the RTA method (Step 
S1 5). This second annealing is for the purpose of a com- 
plete crystallization of ferroelectric films. Meanwhile, 
with this embodiment, annealing was performed in a 1 0 
Torr atmosphere of oxygen by using the RTA method, 
but a normal heat treatment furnace may be employed 
except the RTA method provided heat treatment can be 
done in an atmosphere of gas pressure below 1 atm. As 
annealing atmosphere, an inert gas such as nitrogen or 
argon may be employed and a mixed gas comprising 
not greater than two sorts of gases out of an inert gas 
such as nitrogen or argon and oxygen may be em- 
ployed. 

With these steps, the production of a ferroelectric 
film is completed (Step S16). 

FIGs. 3, 4 and 5 are graphs showing ferroelectric 
characteristics of the film obtained by the above produc- 
ing steps relative to a second annealing temperature. 
Measurements of ferroelectric characteristics were 
made for a capacitor of the type shown in FIG. 1 with 
the applied voltage set at 3 V by using a well known Soya 
Tower circuit. 

FIG. 3 is a graph showing a change in the remanent 
polarization Pr of a film. With lowering of the second an- 
nealing temperature, Pr also decreases, but a value of 
more than 4 jaC/cm 2 is obtained at a second annealing 
temperature of even 600°C. FIG. 4 is a graph showing 
a value of coercive field Ec for the film produced by this 
producing method, Ec is almost constant independent 
of second annealing temperatures above 500° C. As 
with Pr shown in FIG. 3, the accumulated charge 6Q 
shown in FIG. 5 increases depending on second anneal- 
ing temperatures and shows a good characteristic at 
second annealing temperatures of 500°C or higher. 

FIGs. 6, 7 and 8 are graphs showing the applied- 
voltage dependence of ferroelectric characteristics for 
cases where a 30 min annealing was made at a first an- 
nealing temperature of 600°C in an atmosphere of oxy- 
gen under the atmospheric pressure and the second an- 



nealing was performed in a 10 Torr atmosphere of oxy- 
gen at 600° C for 30 min of annealing. These graphs 
show values of Pr, Ec and 50 respectively for FIGs. 6, 
7 and 8 and reveal that Pr, Ec and 6Q begin to be satu- 
5 rated upward from the order of 3 V in applied voltage. 
This shows that constant characteristics are always ob- 
tained at applied voltages of not lower than 3 V and the 
ferroelectric characteristics can be said to be good. 

FIG. 9 is a graph in which a change in accumulated 
charge 5Q relative to number of repeated polarization 
reversals is plotted for cases where polarization revers- 
als were made under application of a 3 V and 1 MHz 
pulse to a sample on which a 30 min annealing was per- 
formed at a second annealing temperature of 600°C in 
an atmosphere of oxygen under the atmospheric pres- 
sure and a 30 min annealing was performed at a first 
annealing temperature of 600°C in a 10 Torr atmos- 
phere of oxygen. Even after 2 x 10 11 cycles of polari- 
zation reversals, no change whatever is observed in ac- 
cumulated charge and a good characteristic is indicated 
in application to a nonvolatile memory. 

FIG. 10 is a graph showing a change in leakage cur- 
rent density relative to a second annealing temperature 
under application of 3 V. For 550°C or higher, a value of 
6 - 9 x 1 0* 8 A/cm 2 is obtained independently of second 
annealing temperatures, whereas the leakage current 
density is large for 500° C or lower but no such increase 
in leakage that formerly became at issue for a lower sec- 
ond annealing temperature was observed. 

FIG. 11 is a surface SEM photograph of a film after 
a 30 min annealing made at a first annealing tempera- 
ture of 600° C in an atmosphere of oxygen under the at- 
mospheric pressure and a 30 min annealing made at a 
second annealing temperature of 600°C in a 10 Torr at- 
mosphere of oxygen and reveals that the film forms a 
fine-structured film comprising globular crystal grains of 
700A or smaller In addition, also for a second annealing 
temperature of 650°C, a fine-structured film comprising 
globular crystal grains of 700A or smaller was formed 
as with a second temperature of 600°C. On the other 
hand, when a 30 min annealing was made at a first an- 
nealing temperature of 600°C in an atmosphere of oxy- 
gen under the atmospheric pressure and a 30 min an- 
nealing was made at a second annealing temperature 
45 of 700°C in a 10 Torr atmosphere of oxygen, the SBT 
film obtained was strap-like and comprised crystal 
grains of 500 - 5000A size, and still greater crystal grains 
were obtained for a second annealing temperature of 
750°C than those for a second annealing temperature 
50 of 700°C. From these, it is concluded that the maximum 
crystal grain size of crystal particles constituting the SBT 
film increases with rising second annealing temperature 
and a fine-structured film comprising globular crystal 
grains of 700A size or smaller can be formed for second 
ss annealing temperatures of 650°C or lower. 

From a result of X-ray diffraction, polycrystals of 
SrB^TagOg were found for second annealing tempera- 
tures of 500° C or higher, but no clear crystal could be 
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confirmed for second annealing temperatures of 450°C 
or higher. 

As an example for comparing with the above first 
embodiment, an SBT film was formed using a conven- 
tional producing method and a ferroelectric film element 5 
having a structure similar to that of FIG. 1 was produced 
for estimation of its electric characteristics. 

FIG. 12 is a chart showing a synthesis method for 
a precursor solution used to form an SBT film 5 in the 
ferroelectric film element shown in FIG. 1 and a conven- to 
tional process for forming an SBT film as ferroelectric 
film on the substrate using this precursor solution. To 
steps similar to those of a first embodiment shown in 
FIG. 2, the same numbers are attached. 

In production of a ferroelectric element for this con- is 
trol, the different from that of the first embodiment men- 
tioned above lies only in the step of second annealing 
at the formation of the SBT film. That is, to an SBT film 
with a 100 ujtn|> Pt top electrode 6 mask-deposited ther- 
eon as with the first embodiment mentioned above, a 20 
600 - 750°C and 30 min annealing was performed as 
the second annealing in an atmosphere of oxygen under 
the atmospheric pressure by using the RTA method in 
the control (Step S20). 

FIGs. 13, 14 and 15 are graphs showing ferroelec- 25 
trie characteristics of the film obtained in the process of 
this control relative to a second annealing temperature. 
As with the first embodiment mentioned above, meas- 
urements of ferroelectric characteristics were made for 
a capacitor of the type shown in FIG. 1 with the applied so 
voltage set at 3 V by using a well known Soya Tower 
circuit. 

FIG. 13 is a graph showing a change in the rema- 
nent polarization Pr of a film. With lowering of the second 
annealing temperature, a value of Pr abruptly de- 35 
creased beyond the boundary of 730°C, became very 
small like 2 jiC/cm 2 or less at 700°C or lower and hardly 
any ferroelctricity was exhibited at 600°C. This will be 
compared with the result of the first embodiment men- 
tioned above. In the first embodiment, it sufficed to ob- 40 
tain a value of Pr not less than 4 u.C/cm 2 that the second 
annealing temperature is 600°C (cf. FIG. 3), whereas a 
value of Pr not less than 4 uC/cm 2 is found to be not 
obtainable in the control unless the second annealing 
temperature is 730°C or higher. From these, it is clear 45 
that lowering of second annealing temperature can be 
implemented to obtain the equivalent value of Pr in the 
first embodiment as compared with the control. 

FIG. 14 is a graph showing a value of coercive field 
Ec and Ec exhibits an almost constant value independ- so 
ently of second annealing temperatures at 650°C or 
higher As with Pr shown in FIG. 13, the accumulated 
charge 5Q shown in FIG. 1 5 abruptly decreases for low- 
er second annealing temperatures than the boundary of 
730°C. 55 

FIG. 1 6 is a graph showing a change in leakage cur- 
rent density relative to second annealing temperatures 
under application of 3 V. For each decrease of 50°C in 
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second annealing temperature, the leakage current 
density increases by one decimal unit and indicates a 
decreasing tendency at 600°C, but the SBT film of 
600° C exhibits hardly any ferroelectricity. 

FIG. 17 is a surface SEM photograph of a film after 
a 30 min annealing made at a first annealing tempera- 
ture of 600°C in an atmosphere of oxygen under the at- 
mospheric pressure and a 30 min annealing made at a 
second annealing temperature of 700°C in an atmos- 
phere of oxygen under the atmospheric pressure. The 
SBT film obtained in this case was strap-like and com- 
prised crystal grains of 1500 - 9000A size. 

Here, the size of crystal grains will be compared be- 
tween the first embodiment mentioned above and the 
control. As mentioned before, in the SBT film for a 30 
min annealing made at a first annealing temperature of 
600°C in an atmosphere of oxygen under the atmos- 
pheric pressure and a 30 min annealing made at a sec- 
ond annealing temperature of 700°C in a 1 0 Torr atmos- 
phere of oxygen, the crystal grain size ranged from 500A 
to 5000A, whereas the crystal grain size ranged from 
1500A to 9000A in this control as mentioned above. 
Smaller crystal grains are obtained for the first embod- 
iment than those of the control. Thus, comparative study 
of these SBT films differing only in the second annealing 
temperature reveals that a fine structurization of the film 
can be achieved by performing a second annealing in 
the atmosphere of gas pressure not higher than 1 atm. 

Next, between the above first embodiment and the 
control, comparative study will be made of the size of 
crystal grains in a ferroelectric film that yields a nearly 
equal value of remanent polarization Pr. In an SBT film 
according to the above first embodiment for cases 
where a 30 min annealing was performed at a first an- 
nealing temperature of 600° C in an atmosphere of oxy- 
gen under the atmospheric pressure and a 30 min an- 
nealing was performed at a second annealing temper- 
ature of 600°C in a 10 Torr atmosphere of oxygen, a 
value of Pr was about 4.2 nC/cm 2 as shown in FIG. 3 
and crystal grains were 700A or smaller in size. On the 
other hand, as an SBT film yielding a nearly equal value 
of Pr in the control, there is mentioned a case where a 
30 min annealing was made at a first annealing temper- 
ature of 600 o C in an atmosphere of oxygen under the 
atmospheric pressure and a 30 min annealing was 
made at a second annealing temperature of 730°C in 
an atmosphere of oxygen under the atmospheric pres- 
sure and a value of Pr = about 4.3 u.C/cm 2 was obtained 
(cf. FIG. 13). Observation of this SBT film revealed that 
the size of crystal grains was 1500 - 9000A. From com- 
parison it is found that smaller crystal grains are ob- 
tained for the first embodiment than those of the control. 
From this, it is clear also in comparison of SBT films 
yielding a nearly equal value of Pr that a fine structuri- 
zation of the film can be achieved by performing a sec- 
ond annealing in the atmosphere of gas pressure not 
higher than 1 atm. 

The result of X ray diffraction in the control shows 
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that polycrystals of SrBi 2 Ta 2 0 9 was formed for second 
annealing temperatures of 650°C or higher but no clear 
crystallization could not be confirmed for second an- 
nealing temperatures of 600°C or lower. 

Like these, in a conventional producing method, an 
abrupt decrease in values of Pr and 5Q and an increase 
in leakage current were observed with lowering second 
annealing temperature and annealing of 730°C or high- 
er was required for application to ferroelectric memo- 
ries. According to the first embodiment of the present 
invention, however, the second annealing made in an 
atmosphere of gas pressure not higher than 1 atm per- 
mits not only an abrupt increase in values of Pr and 6Q 
but also an increase in leakage current to be sup- 
pressed. Consequently, sufficient characteristics can be 
obtained as ferroelectric memories at a maximum an- 
nealing temperature of 650°C and it becomes possible 
to adopt a stack structure necessary for the highly inte- 
grated FRAM. In addition, a producing method accord- 
ing to this embodiment enables coarser crystal grains 
to be suppressed, thereby implementing a fine-struc- 
tured film and an even surface, and leakage current to 
be reduced and moreover is suitable for a fine machin- 
ing and for the production of a high-density device. 

Hereinafter, a second embodiment according to the 
present invention will be described referring to the draw- 
ings. FIG. 18 is a chief sectional view of a ferroelectric 
memory cell of second embodiment according to the 
present invention. 

As shown in FIG. 18, a ferroelectric memory cell of 
this embodiment comprises a inter-element separating 
oxide film 39, a gate oxide film 40, a second conductive 
type impurity diffusion region 41 , a polysilicon word line 
42, inter-layer insulating films 43, 44, 51 and 52, a mem- 
ory section contact plug 45, a TiN barrier metal layer 46, 
a Pt lower electrode 47, a ferroelectric film 48, a Pt plate 
wire 49, a Ta 2 O s barrier insulating film 50 and an Al bit 
line 53 provided on a first conductive type silicon sub- 
strate 54. 

Next, this producing method for ferroelectric mem- 
ory cells will be described referring to FIGs. 19a to 19d, 
explanatory drawings showing one example of produc- 
ing method for a ferroelectric memory of the structure 
shown in FIG. 18. 

As shown in FIG. 1 9a, after a switching transistor is 
formed in accordance with a well known MOSFET form- 
ing process and is covered with an inter-layer insulating 
film 43, a contact hole is bored only in the portion ol the 
bit line contacting the impurity diffusion region 41 of the 
substrate by using the well known photolithography 
method and dry etching method and impurity diffused 
polysilicon is embedded there, thereafter the surface of 
both the inter-layer insulating film 43 and the polysilicon 
plug 45 is leveled out by the well known CMP (chemical 
Mechanical Polishing) method. 

Next, as shown in FIG. 1 9b, after a TiN barrier metal 
layer 46 is deposited in a film thickness of 2000A by the 
well known sputtering method, a Pt film 47 is deposited 



in a film thickness ol 1 0O0A to make a bottom electrode. 
On this bottom electrode, an SrB^TagOg film (hereinaf- 
ter, referred to as SBT film) is scheduled to be formed 
as ferroelectric film 48, but description will be omitted of 

s a synthesis method for the precursor solution employed 
for the formation of an SBT film and the steps leading 
to the first annealing in the process for forming an SBT 
film by using this precursor solution because they are 
the same as the steps extending from the step S1 to the 

io stepS13. 

The SBT film 48, the Pt bottom electrode 47 and the 
TiN barrier metal layer 46 after the first annealing are 
machined to the size of 3.0 u.m square by the well known 
photolithography method and dry etching method to 

is make such a shape as shown in FIG. 1 9b. For dry etch- 
ing, an ECR etcher is employed and the gas species 
used are a gas mixture comprising Ar, Cl 2 and CF 4 tor 
the SBT film, a gas mixture comprising C 2 F 6 , CHF 3 and 
Cl 2 for the Pt bottom electrode and CI2 gas for the TiN 

20 barrier metal. At this time, since the SBT film and Pt bot- 
tom electrode are very fine in structure and even, a pre- 
cise micro-machining is executable and the CD loss can 
be suppressed to 0.1 urn or smaller. 

Next, as shown in FIG. 19c, a 300A Ta 2 O s barrier 

25 insulating film 50 is deposited by the well known sput- 
tering method, then a 150A silicon oxide film is depos- 
ited as an inter-lay er insulating film 51 by the well-known 
CVD method and thereafter a 2.0 \im square contact 
hole is formed above the SBT film by the well-known 

30 photolithography method and dry etching method. 

Next, as shown in FIG. 19d, after a 1000A Pt upper 
electrode is formed by the well known sputtering method 
and is machined to a plate wire 49 by the well known 
photolithography method and dry etching method, a 

35 600°C and 30 min heat treatment is performed as the 
second heat treatment by the RTA method to crystallize 
an SBT film. The section of the SBT film after crystalli- 
zation was yet very smooth and fine-structured and did 
not injure the shape of a ferroelectric capacitor. Mean- 

40 while, the film thickness of the SBT film was measured 
to be 2000A. 

Thereafter, an inter-layer insulating film 52 is depos- 
ited and leveled by using the CVD method on the basis 
of the well known leveling technique, a contact hole is 

45 formed in the other impurity diffusion region of the 
switching transistor by using the well known photolithog- 
raphy method and dry etching method, a bit line 53 is 
formed using the well known Al wiring technique and 
thus a ferroelectric memory cell shown in FIG. 1 8 is com- 

so pleted. 

Electric characteristics of the ferroelectric memory 
cell produced in this manner were measured using the 
well known Soya Tower circuit. FIG. 20 is a graph show- 
ing the hysteresis loop obtained on measurement at an 
55 applied voltage of 3 V. The shape of the hysteresis loop 
is good and values of 5 uC/cm 2 and 30 kV/cm (0.6 V) 
are obtained for remanent polarization Pr and coercive 
field Ec, respectively, so that a sufficient operation as 
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ferroelectric capacitor was confirmed. In addition, a val- 
ue of leakage current for an applied voltage of 3 V is 5 
x lO^A/cm 2 , so that a sufficient operation as ferroelec- 
tric capacitor was confirmed again. 

FIG. 21 is a graph in which a change in accumulated 
charge 6Q relative to number of polarization reversals 
is plotted for cases where polarization reversals were 
made under application of a 3 V and 1 MHz pulse. Even 
after 2 x 10 11 cycles of polarization reversals, no 
change whatever is observed in accumulated charge 
and a good characteristic is indicated as nonvolatile 
memory. 

Hereinafter, a third embodiment according to the 
present invention will be described referring to the draw- 
ings. With respect to a ferroelectric film element similar 
to that of the first embodiment mentioned above, the 
third embodiment is for the purpose of explaining the 
relation between the maximum crystal grain size of crys- 
tal particles constituting the SBT film and the accumu- 
lated charge. 

Third embodiment of ferroelectric film element dif- 
fers from the first embodiment mentioned above only in 
that the shape of the Pt top electrode 6 is modified into 
a plurality of 2 u,m square separated rods but is quite 
equal to the first embodiment in the other points such 
as structure and producing method, to say nothing of 
forming process of an SBT film. 

With respect to the third embodiment of ferroelectric 
film element having a capacitor structure, FIG 22 shows 
variations in accumulated charge 8Q relative to the max- 
imum crystal grain size of an SBT film when measured 
at 1 00 places of a 2 ujti square Pt top electrode. In FIG. 
22, the ordinate represents a value of the standard de- 
viation (a) of accumulated charqe SQ divided by the av- 
erage ($Q AVE ) of accumulated charge SQ and the ab- 
scissa represents the maximum crystal grain size of an 
SBT film. FIG. 22 reveals that oY5Q AVE is 10% or less 
for films of maximum crystal grain size not greater than 
1000A and variations of accumulated charge 6Q are 
very small but a value of o/5Q AVE is so large that a stable 
characteristic is hardly attainable. Thus, when the sec- 
ond annealing temperature is 650°C or lower, as de- 
scribed for the first embodiment, since a fine-structured 
film having a maximum crystal grain size of 700A or 
smaller is obtained, the obtained film is found to have 
hardly any variation and be good in ferroelectric char- 
acteristics. From this it is concluded that the second an- 
nealing temperature is preferably in the range of 500°C 
- 650°C for obtaining an SBT film of a small variation in 
characteristics. 

Hereinafter, a fourth embodiment according to the 
present invention will be described referring to the draw- 
ings. With the fourth embodiment, in the step S15of FIG. 
2 shown for the above first embodiment, the RTA meth- 
od was employed and a 600 D C and 30 min annealing 
was made in a 1 - 760 Torr atmosphere of oxygen as 
second annealing (principal annealing) but otherwise for 
the structure of a ferroelectric element, other producing 
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steps and the like, the fourth embodiment is quite the 
same as the first embodiment. Incidentally, the reason 
why the atmosphere gas pressure of the second anneal- 
ing (second annealing pressure) is set at the range of 1 

5 - 760 Torr is that the lower limit is chosen at 1 Torr at : 
which the formed SBT film indicated hardly any ferroe- 
lectricity and the upper limit is chosen at 760 Torr equal 
to the atmospheric pressure. 

FIGs. 23, 24 and 25 are graphs showing ferroelec- 

10 trie characteristics of the film obtained in the producing 
steps mentioned above relative to atmosphere gas 
pressure of the second annealing (second annealing 
pressure). Measurements of ferroelectric characteris- 
tics were made for a capacitor of the type shown in FIG. 

7£ 1 with the applied voltage set at 3 V by using a well 
known Soya Tower circuit. 

FIG. 23 is a graph showing values of remanent po- 
larization Pr relative to atmosphere gas pressure of the 
second annealing (second annealing pressure). At an 

20 atmosphere gas pressure of 760 Torr, hardly any ferro- 
electricity was exhibited but a value of Pr increases with 
lowering gas pressure, reaches a maximum near a pres- 
sure of 5 Torr and decreases with a further lowering of 
gas pressure. At a gas pressure of 5 Torr, the remanent 

2S polarization Pr was 5.5 jjC/cm 2 and the coercive field 
Ec was 25 kV/cm, so that sufficient characteristics were 
obtained as ferroelectric capacitor. In addition, from FIG. 
23 Pr is found to be 2.5 u.C/cm 2 or greater if the atmos- 
phere gas pressure of the second annealing (second 

30 annealing pressure) is in the range of 2 Torr - 20 Torr, 
which exhibits a sufficient ferroelectric characteristic. 

FIG. 24 is a graph showing values of accumulated 
charge SO relative to atmosphere gas pressure of the 
second annealing (second annealing pressure). As with 

3S remanent polarization Pr, a value of accumulated 
charge 6Q increases with lowering atmosphere gas 
pressure from 760 Torr, reaches a maximum near a 
pressure of 5 Torr and decreases with a further lowering 
of gas pressure. At a gas pressure of 5 Torr, an excellent 

40 value of 10.2 uG/cm 2 was obtained as accumulated 
charge 5Q. Inaddrtion, generallyfor a ferroelectric mem- 
ory at an integrated degree of Mbit class, an accumu- 
lated charge of 5 u.C/cm 2 or greater is required. Accord- 
ingly, it is found from FIG. 24 that the accumulated 

4$ charge 5Q is 5 |iC/cm 2 or greater for the range of 2 Torr 
- 20 Torr and a memory produced in this range of pres- 
sure can acquire a sufficient accumulated charge SQ 
needed as a ferroelectric memory at an integrated de- 
gree of Mbit class. Furthermore, as a result of observing 

so the SBT film produced under this second annealing 
pressure the SBT film can be confirmed to be fine-struc- 
tured and have a good surface evenness. 

FIG. 25 is a graph showing a value of coercive field 
Ec relative to atmosphere gas pressure of the second 

55 annealing (second annealing pressure). For second an- 
nealing pressure ranging from 2 Torr to 200 Torr, Ec ex- 
hibits an almost constant value in the neighborhood of 
25 kV/cm. 
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FIG. 26 is a graph showing a change in leakage cur- 
rent density relative to atmosphere gas pressure ol the 
second annealing (second annealing pressure) under 
application of 3 V. For any value of second annealing 
pressure, good values of leakage current density on the 
order of 10" 7 to 10* 8 are obtained. 

FIG. 27 is an X ray diffraction pattern of a film rela- 
tive to atmosphere gas pressure of the second anneal- 
ing (second annealing pressure). In FIG. 27, a, b, c, d, 
e and f denotes that the second annealing pressure is 
760 Torr, 200 Torr, 20 Torr, 10 Torr, 2 Torr and 1 Torr, 
respectively. Meanwhile, in FIG. 27, the abscissa de- 
notes a diffraction angle 29 (deg) and the ordinate de- 
notes diffraction intensity (arbitrary intensity). Concern- 
ing the ordinate, a position at which the diffraction inten- 
sity = 0 is moved tor each second annealing pressure. 
And in FIG. 27, SBT (008), SBT (105), SBT (110) and 
SBT (200) denote diffraction peaks originating from 
SrBi 2 Ta 2 0 9 (SBT), 6-TaO (001 ) and S-Tao (002) denote 
diffraction peaks originating from 8 phase TaO, Si de- 
notes diffraction peaks originating from the silicon sub- 
strate and Pt denotes diffraction peaks originating from 
the Pt lower electrode. 

According to FIG. 27, polycrystalline peaks of SBT 
(SBT (008), SBT (105), SBT (110) and SBT (200)) ap- 
pear for 2 Torr to 200 Torr, whereas no SBT peak but 
TaO peaks (S-TaO (001) and 5-TaO (002)) appear for 1 
Torr. And for 760 Torr, SBT peaks are very broad and 
therefore an amorphous film is thought to be formed. 
Observed results of this X ray diffraction reveals that a 
film exhibiting SBT peaks was obtained for atmosphere 
gas pressure ranging from 2 Torr to 200 Torr. 

FIG. 28 is a graph showing a change in film com- 
position ratio relative to atmosphere gas pressure of the 
second annealing (second annealing pressure). Since 
the result of EPMA measurements concerning the SBT 
film compositions reveals that, whereas the Ta compo- 
sition and Sr composition were nearly constant inde- 
pendently of second annealing pressure, the Bi compo- 
sition changed depending on second annealing pres- 
sure, FIG. 28 is a graphic representation of composition 
ratios Bi/Ta and Sr/Ta. According to FIG. 28, a value of 
Bi/Ta is much the same as the composition ratios of raw 
material stock (Bi/Ta = 2.4/2 = 1 .2) at 750 Torr gradually 
decreases with lowering of second annealing pressure 
till 2 Torr and becomes stoichiometric (BiAa = 1 .0) near 
5 Torr. 

And at a second annealing pressure of 1 Torr, a val- 
ue of Bi/Ta abruptly decreases. Such a change in Bi 
composition is attributable to volatilization of Bi or diffu- 
sion of Bi to electrodes at the time of second annealing 
and such a large shift of Bi composition is considered to 
be a cause for the fact that hardly any ferroelectricity 
was obtained at a second annealing pressure of 1 Torr 
On the other hand, since the Ta composition and Sr 
composition were almost constant independently of 
second annealing pressure as mentioned above, Sr/Ta 
was also nearly constant and was much the same as 



the composition ratio of raw material stock (Sr/Ta = 1/2 
= 0.5). 

Incidentally, in the above first to fourth embodi- 
ments, SBT (SrBi i Ta 2 o 9 ) was employed as material of 

5 ferroelectric films, but the materials are not limited to this 
and Sr- and Bi-contained compounds containing at least 
either one of Ta or Ti, such as SrBig (Ti, Nb) 2 O g , 
SrBi 4 Ti 4 O l5 and SrBi 4 (Ti. Zr) 4 O l5 are preferable. Fur- 
thermore, the present invention is applicable to others 

10 provided they are bismuth layer-structured compound 
materials capable of forming a film by using the sol-gel 
method or MOD method, such as SrBi 2 Nb 2 0 9 , 
Bi 4 Ti 3 0 12 , CaBi 2 Ta 2 0 9 , BaBi 2 Ta 2 0 9 , BaBi 2 Nb 2 0 9 and 
PbBi 2 Ta 2 0 9 . 

IB in a producing method for ferroelectric film element 
by the sol-gel method and the MOD method according 
to the present invention, after applying a precursor so- 
lution comprising component elements of a ferroelectric 
film material to the substrate and drying, the convention- 
20 al FTTA heat treatment step for removing the organic 
component in the film is omitted and the application dry- 
ing step is repeated at several times to form a predeter- 
mined film thickness, then as a second heat treatment 
step, after the formation of a ferroelectric film by the first 
2B heat treatment step, the ferroelectric film is crystallized 
by drying in the atmosphere of 1 atm or lower gas pres- 
sure, so that the lowering of a film forming temperature 
becomes possible as compared with a conventional pro- 
ducing method. Furthermore, a film produced by this 
30 producing method becomes a fine-structured film of 
small grain size and thus a ferroelectric film exhibiting a 
small leakage current and a high insulation resistance 
can be obtained. 

To be more specific, though hardly any crystalliza- 
35 tion was made at annealing temperatures of 650°C or 
lower and moreover annealing of 730°C or higher was 
required for obtaining characteristics needed as ferroe- 
lectric memories in a conventional producing method, a 
producing method according to the present invention 
40 enables the annealing temperature to be lowered by 
100°C or more and permits sufficient characteristics as 
memory to be obtained at as tow annealing temperature 
as 600° C so that integration of ferroelectric memories 
using a stack structure becomes possible. 
45 in addition, since a film produced by a producing 
method for ferroelectric film elements can achieve a fine 
structure and an even surface of the film by suppressing 
the coarse granulation of crystal particles and is suitable 
also for a fine machining, so that the production of a 
so higher-density device becomes implementable. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 
sprit and scope of the present invention. It should be 
understood that the present invention is not limited to 
55 the specific embodiments described in the specification, 
except as defined in the appended claims. 
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Claims 



a bismuth layer-structured composition. 



A method tor producing a ferroelectric element 
comprising the steps of forming a lower electrode 
layer (4) on a substrate (1 ), applying (S1 0) a metal- 
contained precursor solution to the surface of said 
lower electrode, drying (S11, S12) said precursor 
solution applied to the surface so as to remove only 
said solution by heating, a first heat treatment (S1 3) 
for heating the dried precursor to form a ferroelectric 
film, forming (S14) an upper electrode layer on said 
ferroelectric film, and a second heat treatment 
(SI 5) for heating the formed film element 

characterized in that said second heat treat- 
ment (S15) is performed in a gas-pressurized at- 
mosphere of lower than 1 atmosphere. 



9. 



70 



75 



A ferroelectric memory element according to Claim 
7, characterized in that said bismuth layer-struc- 
tured composition forming said ferroelectric film is 
a composition containing Sr and Bi, and at least one 
of Ta and Ti. 

A method of forming a ferroelectric film from a met- 
al-containing precursor solution, in which after vol- 
atilizing the precursor solvent and heat-annealing 
to form the film, a second annealing is performed, 
to crystallise the film, in an atmosphere of less than 
1 atmosphere pressure. 



2. A method according to Claim 1 , characterized in 
that the gas pressure in the atmosphere of said sec- 
ond heat treatment step (S15) is equal to or lower 20 
than 20 Torr. 



3. A method according to Claim 2, characterized in 
that the gas pressure in the atmosphere of said sec- 
ond heat treatment step (S1 5) is within a range from 2s 
2 Torr to 20 Torr 



4. A method according to any one of Claims 1 to 3, 
characterized in that the heating temperature of 
said second heat treatment step (S15) is within a 30 
range from 500°C to 650°C. 

5. A method according to any one of Claims 1 to 4, 
characterized in that said precursor solution com- 
prises a metal carboxyl and an alkoxid. 35 



6. A ferroelectric film element comprising a lower elec- 
trode layer (4), a ferroelectric film (5) and an upper 
electrode layer (6) provided in sequence on a sub- 
strate, 40 

characterized in that said ferroelectric film (5) 
is composed of a bismuth layer-structured compo- 
sition with the maximum crystal grain size of not 
greater than 700A. 

45 

7. A ferroelectric memory element including one 
switching transistor and one ferroelectric capacitor, 
having a stack structure comprising a semiconduc- 
tor substrate (54), a first insulator film (43) covering 
said semiconductor substrate on which said switch- so 
ing transistor is formed, a contact plug (45) piercing 
said first insulator film and internally filled with con- 
ductive substance, a lower electrode (47) formed 

on said contact plug, a ferroelectric film (48) formed 

on said lower electrode and an upper electrode (49) ss 

formed on said ferroelectric film, 

characterized in that said ferroelectric film 
(48) formed on said lower electrode is composed of 
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